In this paper, a comprehensive analysis of genome sequences of 99 EV71 virus isolates base dinucleotide odds ratio was conducted to explore the potential mechanisms of its evolution. The general correlation of dinucleotides at different sites of the codons reveals that mutational pressure is the main factor determining EV 71 evolution. Furthermore, the apparent geographic segmentation of isolates before 2008 and low-frequency appearance of TpA and CpG also suggest that the geographic and host factors play important roles in the evolution of the virus. Finally, obvious fluctuation and divergence of the dinucleotide usage pattern was observed in the EV71 isolated in China after 2008, which might reveal that the virus entered a rapid evolution period, especially after 2010. These results indicate that EV71 has more initiative and adaptability under external pressures.
Introduction
Infection of the Enterovirus 71 (EV71) is the cause of handfoot-and-mouth disease (HFMD) that is under mandatory report management of category C infectious disease in China. EV71 has caused a dozen of outbreaks and spreads in the world since its first report in 1974 [2, 4] . In recent years, infections of EV71 in Asia and Pacific region are increasing. What concerns people most is that infection of EV71 may cause cerebritis, encephalitides, encephalomyelitis and other neurological symptoms on severely ill children, and acute flaccid paralysis (AFP), pulmo nary oedema, bleeding and other severe complications [5, 8] . HFMD has become a major public health issue threatening children health in China, without any specific drugs or effective vaccines against it [2] . Therefore, EV7, the main pathogen of HFMD, might hold the key to cure the disease. EV71 belongs to the genus Enterovirus of the family Picornaviridae. EV71 viral genome is a single positivestranded RNA of about 7.4 kb, with only one open reading frame (ORF) code and a polymer protein. The polymer protein breaks down into P1, P2 and P3 precursor proteins through hydrolysis and modification of enzymes of the virus. P1 may further break down into VP1, VP2, VP3 and VP4 structural protein, and P2 and P3 may break down into 7 non-structural proteins, namely 2A, 2B, 2C, 3A, 3B, 3C and 3D. VP1 is the primary antigenic determinant [4, 15] . There are researches that believe that structural change of VP1 is one of the causes why pathogenicity of EV71 is stronger than other enteroviruses. There are other researches that categorize EV71 into A, B and C genotypes in accordance with differences in VP1 coding sequences [11] . Some dinucleotide odds ratios are different due to functional, structural and other demands of different organisms, as in some are conservative and the others are Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13337-019-00564-z) contains supplementary material, which is available to authorized users. more variable. Dinucleotide odds ratio is the most sensitive expression of these ''specificities''. Extensive researches have verified that odds ratio of dinucleotide in organisms is related to level of genetic expression, CpG methylation, DNA configuration and even genetic evolution [3, 12, 14] . Therefore, study into dinucleotide may further reveal the origin and evolution patterns of gene. In this study, systemic analysis and assessment were conducted for Dinucleotide odds ratio of 85 strains collected in China (from 1997 to 2017, covering most regions of China), with references of classic strains from foreign countries. Through this study, we hope to discover more heredity and evolution features of EV71.
Materials and methods
Gene sequence 99 typical whole virus strains were selected from the NCBI database, including 85 from China (61 mainland, 18 Taiwan and 6 Hong Kong) and 15 foreign strains (Additional  table) .
Dinucleotide odds ratio
Dinucleotide odds ratio is expressed with P xy , and calculated with the following formula:
In which x and y represent the two kilobases of dinucleotide; f x , f y and f xy represent kilobase x and y respectively, and the odds ratio of dinucleotide xy [17] . Karlin believed that most P xy value fluctuates within [0.78, 1.25], while values above or equal to 1.25 are believed to be high odds dinucleotides, and values below or equal to 0.78 are believed to be low odds dinucleotides [6] .
Data analysis
All data and charts in this paper are analyzed and handled with SPSS Statistics v.21 (including corelation analysis and principal factor analysis). In addition, all figures in the paper are rounded to 3 digits after decimal point for accuracy. Table 1 The correlation analysis of those dinucleotide at different sites of the codon 
Result

Corelation analysis
The formula is used again to calculate the P xy value of the 99 strains of EV71 virus ORF at different locations of the codons and conducted correlation analysis as shown in Table 1 . Out of the 96 comparative items, 79 in the table were corelated, accounting for 82.292%. including 69 or 71.875% of significant corelations and only 17 or 17.708% non-corelated items.
Principal factor analysis
Use P xy acquired from 3.1 to conduct principal factor analysis and plot the scatter chart using the two values that best represent the data characteristic value (Fig. 2) . The following three observations are clear in Fig. 2: firstly, except the 2 strains of EV71 extracted from Taiwan in 1998, the right area in the diagram [0 on X axis represents China before 2008, including mainland, Hong Kong and Taiwan; secondly, the strains extracted from 2008 to 2017 are relatively scattered than before with overlapped distribution of foreign strains; lastly, strains from different countries are clearly different, especially so in the strains extracted before 2008.
Discussion
It is widely believed that natural selection and mutational pressure are still the primary forces driving evolution of genomes. The widespread corelations of Dinucleotide at different locations (Table 1) indicate that the dinucleotides of EV71 at different locations are under balanced evolution pressure and that mutational pressure is the primary force driving its evolution. However, the minority of the noncorelations suggest that there are other auxiliary factors driving evolution. High odds ratio of TpG and CpA and relatively low odds ratio of TpA and CpG also indicate that virus has developed preference for the originally average dinucleotides due to some kind of selective pressure. Fiona proved through experiment that relatively high contents of TpA and CpG are disadvantageous to virus replication [13] . Atkinson believed that during infection of RNA virus, immune system of the host body may, using the feature that the host body has low CpG content, identify alien RNA with relatively high CpG and stop virus replication through Fig. 2 The PCA analysis of EV 71 the immune system [1] . Later on, Takata further explained the phenomenon, believing that the zinc-finger antiviral protei (ZAP) in the organism body selectively bonded with RNA sequence containing CG dinucleotides and suppressed generation of progeny virus through exosom [10] . Therefore, we reckon that it is this special selective pressure that makes EV71 virus continue to evolve and evade the immune system by reducing its TpA and CpG contents.
In addition, Fig. 2 revealed that geographical factor plays a certain role in virus evolution., for example, EV71 strains extracted in China before 2008 are conservative on dinucleotides preference and significantly different with foreign strains at the same time. EV71analysis through condon showed the same results [9, 16] . However, use mode of dinucleotides by virus experienced great fluctuation after 2008, which is consistent with large scale outbreaks in Anhui, Guangxi, Jiangxi and other places in and after 2008 [7] . This suggests that due to the population surge during the grant outbreak, EV71 faced selective and mutational pressure that led to diversity of its dinucleotide preference. It is during the same period that Taiwan, Hong Kong and Mainland China saw the dinucleotide use mode similar to the strains extracted in Taiwan in 1998 and even closely related to that of foreign virus. Therefore, EV71 evolution in 2008 and the outbreak of HFMD in the several years thereafter holds special meaning. In addition, EV71 had shown multiple options in dinucleotides use modes in recent years (scattered distribution after 2008 as shown in Fig. 2) , indicating that EV71 has many countermeasures against external pressures. This poses a new challenge to our prevention and control against EV71. In the last, i hope our research could further reveal the genetic and evolution characteristics of EV71 to contribute to the final conquer of it.
